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(54) SEMICONDUCTOR INTEGRATED CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To save the power of a circuit 
more, in which the slew rate of an output depends on a bias 
current without adjusting the bias current before shipping a 
product. 

SOLUTION: An evaluation circuit 16 repeats processing that 
its output is reset, that the difference of the output 
voltages Vo of a replica circuit 1 1 R between after time t1 
passes and after time t2 passes after performing step input 
of voltage Vi to the replica circuit 1 1 R is calculated 
prescribed times and that these differences are 
accumulatively added. A comparator circuit 20 compares an 
accumulatively added voltages VD with a reference voltage 
VS. A bias adjustment circuit 15 steps up the bias current 
of the replica 1 1 R and a circuit 11 to be adjusted in each of 
the prescribed number of times in the case of VD>VS and 
finishes adjustment in the case of VD<VS. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim l]An integrated circuit comprising: 

An equalization circuit for which a slew rate of an output depends on bias current. 

A replica circuit of this equalization circuit through which bias current of the substantially same 

value as this bias current flows. 

A weighting network which repeats processing in which accumulation of eye ********** anc | 
this difference is carried out for a difference with the 2nd output signal after the 2nd hour passes 
with the 1st output signal after the 1st hour passes after resetting an output and carrying out the 
step input of the predetermined value to this replica circuit. 

A comparison circuit [ preset value / value / this / that carried out accumulation ], and a bias 
adjustment circuit to which this bias current is changed according to a comparison result of this 
comparison circuit for this every prescribed frequency. 

[Claim 2]Have the following and this control circuit makes an integral value of (1) this 
subtraction and integration circuit reset, (2) Reset this replica circuit and, subsequently to this 
replica circuit, make a predetermined value input, This 1st hour of a rear stirrup which passed the 
1 st hour is made to supply to this subtraction and integration circuit after this input by making an 
output of this replica circuit into this 1st output signal until it passes, Subsequently, reset this 
replica circuit and, subsequently to this replica circuit, this predetermined value is made to input, 
The integrated circuit according to claim 1 characterized by what the above-mentioned 
prescribed frequency repetition, ** (1), and processing of (2) are repeated [ a thing ] for 
processing of making this 2nd hour of a rear stirrup which passed the 2nd hour supply to this 
subtraction and integration circuit after this input by making an output of this replica circuit into 
this 2nd output signal until it passes. 

Subtraction and an integration circuit where the above-mentioned weighting network integrates 
with a difference of the 1st output signal of the above, and the 2nd output signal of the above 
A control circuit. 

[Claim 3]The above-mentioned bias adjustment circuit answers having been judged with the 
above-mentioned accumulation value being larger than the above-mentioned preset value by the 
above-mentioned comparison circuit, make it step up the above-mentioned bias current, and the 
above-mentioned control circuit, The integrated circuit according to claim 2 characterized by 
what it answers having been judged with this accumulation value being smaller than this preset 
value, and operation is suspended for. 
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[Claim 4]The above-mentioned bias adjustment circuit answers having been judged with the 
above-mentioned accumulation value being smaller than the above-mentioned preset value by 
the above-mentioned comparison circuit, carry out a step down, and the above-mentioned bias 
current the above-mentioned control circuit, The integrated circuit according to claim 2 
characterized by what a judged thing with this larger accumulation value than this preset value is 
answered, and operation is suspended for. 

[Claim 5]The above-mentioned bias adjustment circuit answers having been judged with the 
above-mentioned accumulation value being smaller than the above-mentioned preset value by 
the above-mentioned comparison circuit, and carries out the step down of the above-mentioned 
bias current, The integrated circuit according to claim 2 characterized by what answer a judged 
thing with this larger accumulation value than this preset value, and this bias current is made to 
step up, and operation is suspended for when the above-mentioned control circuit has an absolute 
value of a difference of this accumulation value and this preset value smaller than a 
predetermined value. 

[Claim 6]The integrated circuit comprising according to claim 3: 

The above-mentioned replica circuit is a complementary output type, and the above-mentioned 
subtraction and integration circuit are complementary input-and-output type arithmetic 
amplifiers. 

The 1st capacitor connected between an inverted input end of this arithmetic amplifier, and a 
noninverting outgoing end. 

The 2nd capacitor connected between a noninverting input end of this arithmetic amplifier, and 
an inverted output end. 

A reset switch circuit which resets an electric charge of these 1st and 2nd capacitors, the 3rd and 
4th capacitors and a complementary output of this replica circuit — respectively ~ this ~ making 
the 3rd and this 4th capacitor charge, or making the 4th and 3rd capacitors charge, respectively ~ 
subsequently - this ~ a switching circuit from which an electric charge of the 3rd and this 4th 
capacitor is moved to these 1st and 2nd capacitors, respectively. 

[Claim 7]The integrated circuit comprising according to claim 6: 

the above-mentioned subtraction and integration circuit connecting the 1st end of the 3rd and 4th 
capacitors of the above to reversal and a noninverting input end of the above-mentioned 
arithmetic amplifier, respectively, and making it into a tangent interlock state — or ~ respectively 
— this arithmetic amplifier — this ~ noninverting and the 1st polarity changeover switch circuit 
which connect to an inverted input end and is changed into a reverse connection state. 
The 2nd polarity changeover switch circuit which connects the 2nd end of the 3rd and 4th 
capacitors of the above to noninverting and an inverted output end of this arithmetic amplifier, 
respectively, and makes a tangent interlock state, or connects to this reversal and a noninverting 
outgoing end of this arithmetic amplifier, respectively, and is changed into a reverse connection 
state. 

[Claim 8]The 1st period when both the above-mentioned control circuits make the above- 
mentioned 1st and 2nd polarity changeover switch circuit the above-mentioned tangent interlock 
state, The integrated circuit according to claim 7 repeating by turns the 2nd period that changes 
these both 1st and 2nd polarity changeover switch circuits into the above-mentioned reverse 
connection state, and performing the above-mentioned processing of the above (2) once in each 
of these 1st and 2nd periods. 
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[Claim 9]An integrated circuit of any one statement of claim 1 thru/or 7, wherein the above- 
mentioned equalization circuit has an arithmetic amplifier. 

[Claim 10]The integrated circuit according to claim 9, wherein it is connected to an input stage 
of the above-mentioned arithmetic amplifier and the above-mentioned equalization circuit has a 
switched capacitor circuit further. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the integrated circuit in which the slew rate 
(variation of the output voltage per unit time) of an output includes the circuit which adjusts 
automatically the value of the equalization circuit depending on bias current, and this bias 
current. 
[0002] 

[Description of the Prior Art] Dra wing 9 is a bias adjustment explanatory view of the 
conventional integrated circuit 10X in which the slew rate of an output includes the equalization 
circuit 1 1 depending on the bias current IB. 

[0003 ]The bias current IB is supplied to the equalization circuit 1 1 from the bias circuit 12. The 
load impedance which the outgoing end of the equalization circuit 1 1 was connected to the 
output terminal of an unillustrated circuit or the integrated circuit 10X, and was seen from the 
outgoing end of the equalization circuit 1 1 is ZL. 

[0004] Drawing 10 shows the sample hold circuit which combined the switched capacitor circuit 
and the operational amplifier 13X as the equalization circuit 1 1 in drawing 9 . Drawing 10 shows 
the case where load impedance can approximate by capacity CL. Drawing 1 1 is a wave form 
chart showing operation of the circuit of drawing 10 . 

[0005]2 phase clock ** which shows drawing 1 1 the switch in drawing 10 — 1 and ** — it is 
controlled by 2 and a high level and low of a clock support the one and OFF of a switch which 
are controlled by the clock, respectively, the switch element PI 1, PI 2, and P13 — clock ** ~ 
being controlled by 1 — the switch elements P21 and P22 ~ clock ** — it is controlled by 2. 
[0006]The input-and-output voltage of the equalization circuit 1 1 is expressed with Vi and Vo, 
respectively, clock ** — when 1 is a high level, the both ends of the capacitor C2 are grounded 
and reset, and the capacitor CI is charged with the input voltage Vi. The charge quantity Ql 
charged by the capacitor CI is CI and Vi. next, clock ** -- when 2 was set to a high level, this 
electric charge Ql moves to the capacitor C2 and sufficient settling time is given, the charge 
quantity Q2 of the capacitor C2 serves as C2 and Vo. Since it is Q1=Q2, it is expressed 
Vo=(Cl/C2)Vi. 

[0007]If the equalization circuit 1 1 does not have sufficient driving ability to load-carrying- 
capacity CL when operating the equalization circuit 1 1 with a high-speed clock, a slew rate is 
insufficient, it is set to Vo<(Cl/C2) Vi, and a required output swing is not obtained. 
[0008]In a design, under the worst condition of the deviation of the circuit element characteristic 
generated in a manufacturing process, power supply voltage, and temperature, the bias current IB 
supplied to the operational amplifier 13X is determined so that a required output slew rate may 
be obtained. Under the present circumstances, the change of the driving ability of the operational 
amplifier 13X and the change of load-carrying-capacity CL accompanying change of the bias 
current IB are taken into consideration. 



Page 3 of 18 



Machine English Translation of JP 2002-164770 A 



[0009]However, it does not usually become the worst conditions but becomes excess of power 
consumption. 

[0010] Drawmg 12 shows the output voltage Vo under the conditions from which the 
equalization circuit 1 1 manufactured based on the same design differs about the time tl-t3 in 
draw ing 1 1 . VLL shows the lower limit of the output voltage Vo required in order that the 
equalization circuit 1 1 may carry out normal operation under the worst conditions among 

drawing 12 . 

[001 l]In order to return to drawing 9 and to solve the problem of this excess of power 
consumption in the former, The integrated circuit 10X is equipped with the bias circuit 12 which 
can adjust the bias current IB, The bias current IB of the same value as the bias current IB 
supplied to the equalization circuit 1 1 was taken out from the bias circuit 12 outside, and it 
measured with the ammeter 14, and trimming adjustment of adjusting the bias current IB with 
the equalization circuit 15X was performed so that this value might come in a prescribed range. 
This adjustment is performed in the culmination of manufacture of the integrated circuit 10X. 
[0012] 

[Problem(s) to be Solved by the Invention] However, since change of the value of the load 
impedance by change of the characteristic deviation or power supply voltage of load impedance, 
and temperature is not taken into consideration, the bias current IB must be determined 
supposing the maximum of load impedance, and it becomes insufficient saving the power. Since 
it is necessary to perform tuning of the bias current IB by the manufacturing stage of the 
integrated circuit 10X, it becomes a high cost. 

[0013]The purpose of this invention is to provide the integrated circuit whose power can be 
saved more, without adjusting bias current for the circuit for which the slew rate of an output 
depends on bias current before product shipment in view of such a problem. 
[0014] 

[The means for solving a technical problem and its operation effect] In one mode of the 
integrated circuit by this invention, the slew rate of an output is provided with the replica circuit 
and bias current automatic regulation circuit of the equalization circuit depending on bias 
current, and repeat execution of the predetermined operation is carried out to this replica circuit 
for adjustment. This automatic regulation circuit has a weighting network, a comparison circuit, 
and a bias adjustment circuit. 

[0015]In this weighting network, the output is reset and processing in which accumulation of eye 
********** and this difference is carried out for a difference with the 2nd output signal after the 
2nd hour passes with the 1st output signal after the 1st hour passes after carrying out the step 
input of the predetermined value to this replica circuit is repeated. This value that carried out 
accumulation is compared with a preset value in this comparison circuit. In this bias adjustment 
circuit, the bias current of this replica and this equalization circuit is similarly changed according 
to the comparison result of this comparison circuit for every bias adjustment circuit this 
prescribed frequency. 

[00 16] Since according to this integrated circuit bias current is suitably adjusted automatically 
according to it even if the bias current and output load of this equalization circuit have dispersion 
with a manufacturing deviation, power supply voltage, and ambient air temperature, power- 
saving is realizable. The parasitic capacitance of the circuit element of this automatic regulation 
circuit does not affect a main signal system including this equalization circuit, but moreover, it 
can adjust the bias current of this equalization circuit automatically in parallel with this, without 
stopping operation of this main signal system. It becomes unnecessary to perform bias current 
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tuning in the culmination of manufacture of this integrated circuit, and the cost can be reduced. 
[0017]Other purposes, composition, and effects of this invention become clear from the 
following explanation. 
[0018] 

[Embodiment of the Invention] Hereafter, the embodiment of this invention is described with 
reference to drawings. 

[00 19] [A 1st embodiment] Drawin g 1 is a block diagram of the integrated circuit 10 in which the 
slew rate of an output includes the equalization circuit 1 1 and bias current automatic regulation 
circuit depending on bias current. 

[0020]The load impedance which the outgoing end of the equalization circuit 1 1 was connected 
to the output terminal of other unillustrated circuits or the integrated circuit 10, and was seen 
from the outgoing end of the equalization circuit 1 1 is ZL. In the integrated circuit 10, the same 
replica circuit 1 1R is formed as substantially as the equalization circuit 1 1 . In order to improve 
identity with the equalization circuit 1 1 more, the replica circuit 1 1R is formed near the 
equalization circuit 1 1 . The bias current of the same value can flow into the equalization circuit 
1 1 and the replica circuit 1 1R, and this value can be adjusted with the bias current equalization 
circuit 15. The weighting network 16 connected to the outgoing end of the replica circuit 1 1R is 
designed so that the load impedance seen from the outgoing end of the replica circuit 1 1R may 
become a value almost equal to it of the equalization circuit 1 1 . 

[0021]The weighting network 16 was provided with subtraction and the integration circuit 17, 
and the control circuit 18, and subtraction and the integration circuit 17 are provided with the 
switch element P2A, and 2B and the integration circuit 19. 

[0022]The switch element P2A is connected between the outgoing end of the replica circuit 1 1R, 
and the inverted input end of the integration circuit 19, and switch element P2B is connected 
between the outgoing end of the replica circuit 1 1R, and the noninverting input end of the 
integration circuit 19. The integration circuit 19 is provided with an inverted input end and a 
noninverting input end, carries out accumulation of the value proportional to the difference of the 
signal supplied to the noninverting input end, and the signal supplied to the inverted input end, 
and outputs this as the difference accumulation voltage VD. Accumulation is carried out in order 
to raise bias current adjustment accuracy. That is, since this difference is very minute and it is 
difficult to carry out comparative evaluation of this directly in a tolerance, accumulation of this 
difference is carried out. 

[0023 ]The difference accumulation voltage VD is supplied to the inverted input end of the 
comparator 20, and reference voltage VS is supplied to the noninverting input end of the 
comparator 20. The enable signal EN outputted from the comparator 20 is a low at the time of a 
high level and VD<VS at the time of VD>VS. 

[0024]The control circuit 18 supplies a timing signal to the replica circuit 1 1R, and subtraction 
and an integration circuit 17, The replica circuit 1 1R, and subtraction and an integration circuit 
17 are periodically operated like the after-mentioned, and if the enable signal EN is a high level 
after subtraction and the integration circuit 17 operate repeatedly N times (i.e., if it is VD>VS), 
the pulse of adjust signal AP will be supplied to the bias current equalization circuit 15. The bias 
current equalization circuit 15 answers this pulse, and adjusts one step of bias current of the 
replica circuit 1 1R and the equalization circuit 1 1 in the direction which that value converges on 
an optimum value. 

[0025]Drawing 2 shows some examples of composition of drawing 1 . 

[0026]In the equalization circuit 1 1, the series connection of the circuit 21 and FET22 is carried 
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out between the power supply potential VDD and a ground. FET21R of the replica circuit 1 1R 
and 22R support FET21 of the equalization circuit 11, and 22, respectively. 
[0027]The bias current equalization circuit 15 is provided with the counter 23 and D/A converter 
24 with which the enumerated data are supplied, and the output of D/A converter 24 is supplied 
to the gate of FET22 and FET22R as gate voltage VG. The bias current IB according to the value 
of gate voltage VG flows into FET22 and FET22R. If gate voltage VG goes up, the bias current 
IB will increase and the output slew rate of the circuits 21 and 21R will become high. 
[0028]In the control circuit 18, the clock CLK is supplied to the timing generating circuit 26 via 
the gate circuit 25. The timing generating circuit 26 generates the timing signal over the replica 
circuit 1 1R, and subtraction and an integration circuit 17 of drawing 1 based on this clock CLK. 
A pulse cycle generates judgment cycle signal JCS equal to a comparison test cycle (cycle 
judged at Step S7 of drawing 3 to be K=N), and supplies the timing generating circuit 26 to one 
input edge of AND gate 28 again. The enable signal EN is supplied to the input edge of another 
side of AND gate 28, and PASURU of judgment cycle signal JCS is supplied for the enable 
signal EN to clocked into end CK of the counter 23 as adjust signal AP via AND gate 28 
between high level. If the gate circuit 25 will be in a through state to the clock CLK after 
powering on, this state is held at a flip-flop and the enable signal EN is set to a low in the pulse 
standup of judgment cycle signal JCS, This flip-flop will be reset, it will be in a cut off state to 
the clock CLK, and a stop, i.e., bias current automatic regulation operation, is completed by 
operation of the control circuit 18. 

|"0029"| Drawing 3 i s a flow chart which shows the sequence of control by the control circuit 18 of 
drawing 1 . Drawing 4 (A) - (C) shows the ON-and-OFF waveform of the waveform of the output 
voltage Vo in drawing L the switch element P2A, and P2B. The inside of a parenthesis is [ the 
following and ] a step identification signal in drawing 3 . 

[0030](S1) The integration circuit 19 is reset and the output VD is set to 0V. The initial value 1 
is loaded to inner counter K, and an initial value is loaded to the counter 23 of drawing 2 . 
[003 1](S2) The replica circuit 1 1R is reset and the output voltage Vo is set to 0V. 
[0032](S3) The step input of the input voltage Vi is carried out to the replica circuit 1 1R. This 
rises, as the output voltage Vo shows drawin g 4 (A). 

[0033](S4) If the number of the counters K is odd, it will progress to Step S5, and if the number 
is even, it will progress to Step S6. 

[0034](S5) As shown in drawing 4 (A), switch element P2B is made one, and value Vol of the 
output voltage Vo in case switch element P2B changes from one at OFF is made to add to VD to 
the integration circuit 19 after carrying out the step input of the input voltage Vi to the replica 
circuit 1 1R until time tl passes. Next, it progresses to Step S7. 

[0035](S6) As shown in drawing 4 (A), the switch element P2A is made one, and value Vo2 of 
the output voltage Vo in case the switch element P2A changes from one at OFF is made to 
subtract from VD to the integration circuit 19 after carrying out the step input of the input 
voltage Vi to the replica circuit 1 1R until time t2 pass. 

[0036](S7) If it is N<K, it will progress to Step S8, and if it is N=K, it will progress to step S9. 
[0037](S8) Only 1 ************* * s ^ e value of the counter K and it returns to Step S2. 
[003 8] Whenever it repeats processing of Steps S1-S8 twice, deltaV=Vol-Vo2 is added to VD. 
Generally, the value proportional to difference voltage deltaV is added to VD. 
[0039](S9) Judgment cycle signal JCS in drawing 2 rises, and if the enable signal EN is a high 
level ('H'), i.e., VD>VS, at this time, It progresses to Step S10, the clock CLK is not supplied to 
the timing generating circuit 26 in drawing 2 , but operation of the control circuit 18 stops. Since 
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the pulse of adjust signal AP is no longer supplied to the counter 23 and the output of the counter 
23 is fixed, gate voltage VG and the bias current IB are also fixed. Thereby, a bias current 
automatic regulation is completed. 

[0040](S10) In drawing 2 , the pulse of judgment cycle signal JCS passes along AND gate 28, 
and is supplied to clocked into end CK of the counter 23 as a pulse of adjust signal AP. Next, it 
returns to Step SI. 

[0041] Drawing 4 (A) When the value of gate voltage VG corresponding to the waveform of the 
output voltage Vo of - (C) is expressed with VG1, VG2, and VG3, respectively, it is 
VG1<VG2<VG3. That is, the direction in the case of drawing 4 (B) has a value of the bias 
current IB larger than drawing 4 (A), and the direction in the case of drawing 4 (C) has a value of 
the bias current IB larger than drawing 4 (B). The build up time of the output voltage Vo 
becomes short, difference voltage deltaV becomes small, and the value of VD which integrated 
this N times also becomes small, so that the value of the bias current IB is large. Since power 
consumption becomes large so that the value of VD is small, the value of suitable VD which can 
prevent the excess of power consumption and in which the equalization circuit 1 1 carries out 
normal operation is calculated beforehand, and this value is set to reference voltage VS. 
[0042]Gate voltage VG answers the pulse of adjust signal AP, and as shown in drawing 5 (A), it 
changes stair-like. 

[0043] Since the integrated circuit 10 is equipped with the above bias current automatic 
regulation circuits to the equalization circuit 1 1 according to this embodiment, Even if the bias 
current and output load of the equalization circuit 1 1 have dispersion with a manufacturing 
deviation, power supply voltage, and ambient air temperature, according to it, bias current is 
adjusted automatically suitably, and power-saving can be realized. It becomes unnecessary to 
perform bias current tuning in the culmination of manufacture of the integrated circuit 10, and 
the cost can be reduced. Since it has the replica circuit 1 1R corresponding to the equalization 
circuit 1 1 and is adjusting automatically using the output, The bias current of the equalization 
circuit 1 1 can be adjusted automatically in parallel with this, without the parasitic capacitance of 
the circuit element of an automatic regulation circuit not affecting a main signal system, but 
moreover stopping operation of a main signal system. 

[0044]Other methods may be adopted as completing the bias current IB. For example, the 
counter 23 is replaced with a down counter and it may be made to supply reference voltage VS 
and the difference accumulation voltage VD to the noninverting input end and inverted input end 
of the comparator 20 in drawing 1 , respectively. In this case, gate voltage VG changes, as shown 
i n drawing 5 (B). Whenever the pulse of judgment cycle signal JCS is supplied without using the 
counter 23 and AND gate 28 of drawing 2 , Are 1 / method of 2 search, and it is made to change 
according to the numerals of the enable signal EN, as gate voltage VG is shown in drawing 5 
(C), and it may be made to repeat this until the absolute value of the difference of the difference 
accumulation voltage VD and reference voltage VS turns into below the preset value epsilon. 
[0045] Drawing 6 and drawing 7 show the example of composition of the replica circuit 1 1R in 
drawing 1, and subtraction and an integration circuit 17, respectively. These circuits are 
complementary input- and-output types. Drawing 8 shows the clock CLK, the control signal 
supplied to the circuit of drawing 6 and drawing 7 , and judgment cycle signal JCS in drawing 2 . 
Drawing 8 shows the case where the value of N in drawing 3 is 4. 

[0046]This replica circuit 1 1R is a sample hold circuit which combined the switched capacitor 
circuit and the complementary input-and-output type operational amplifier 13, and is similar to 
the equalization circuit 1 1 of drawing 10 . The same numerals as the corresponding thing in 
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drawing 10 are given to the switch element in drawing 6 . In the circuit of drawing 6 , it has P14 
and P23 as a switch element which is not into drawing 10. 

[0047]The switch element P14 is for short-circuiting between the inverted input end of the 
operational amplifier 13, and noninverting outgoing ends, and between a noninverting input end 
and inverted output ends at the time of reset of the replica circuit 1 1R, making complementary 
input and output of the operational amplifier 13 into same electric potential, for example, 1.4V, 
and setting offset to 0V. The switch element P23 is for separating the output of the operational 
amplifier 13 from the capacitors C21 and C22 at the time of this reset, and resetting the 
capacitors C21 and C22 to ground potential which is different in the operational amplifier 13. 
[0048]clock [ in drawing 8 to which the switch elements PI 1-P14 carried out 4 dividing of the 
clock CLK ] ** — ON-and-OFF control is carried out by 1 -- clock ** ~ these switches are 
turned on when 1 is a high level, the switch elements P21-P23 ~ clock ** — clock [ of 1 and an 
opposite phase ] ** -- ON-and-OFF control is carried out by 2 — clock ** — these switches are 
turned on when 2 is a high level. The capacitors CI 1 and C12 are the same capacity value 
mutually, and are equivalent to the capacitor CI of drawing 10 . The capacitors C21 and C22 are 
the same capacity value mutually, and are equivalent to the capacitor C2 of drawing 10 . 
[0049] Vip= 1.6V and Vim=1.2V are supplied to the replica circuit 1 1R as a complementary input 
signal. 

[0050]Operation of the circuit of drawing 6 is drawing 10 m entioned above, and since he can 
understand easily, it omits the explanation. 

[0051] Subtraction and the integration circuit 17 of drawing 7 are similar with the replica circuit 
1 1R of drawing 6 , The complementary input-and-output type operational amplifier 30, the 
polarity switching circuit 31, the switch element PI 5, the capacitors CL1 and CL2, C31 and C32, 
and the polarity switching circuit 32, respectively The operational amplifier 13 of drawing 6 , the 
switch element PI 1, P21, the capacitor CI 1. And CI 2, C21 and C22, and the switch element P22 
are supported. 

[0052]The switch element P2A and P2B parallel and the polarity switching circuit 31 which 
carried out cross connection (right reverse connection), Where it was because addition and 
subtraction of charge quantity are enabled, and it made the switch element P23 one and the 
switch elements PI 5 and P16 are turned OFF, If the capacitors CL1 and CL2 are charged with 
the output voltage Vop and Vom, respectively, or the capacitors CL2 and CL1 are charged and 
then these electric charges are moved to the capacitors C31 and C32, addition and subtraction 
will be performed to the addition electric charge of the capacitors C31 and C32. 
[0053]The capacity value of the capacitors CL1 and CL2 is set that the load impedance seen 
from the outgoing end of the circuit of drawing 6 b ecomes almost equal to the load impedance 
ZL in drawing 1 . 

[0054]The electric charge of the capacitors CL1 and CL2 moves to the capacitors C31 and C32, 
respectively, when the polarity switching circuits 32 and 33 turn OFF the switch element P23 by 
a positive or reverse connected state and make one the switch elements PI 5 and PI 6. 
[0055]The polarity of the offset voltage which the polarity switching circuits 32 and 33 are the 
objects for offset voltage offset, and is added to the capacitors C31 and C32 when the polarity 
switching circuits 32 and 33 are made into a tangent interlock state and the electric charge of the 
capacitors CL1 and CL2 is moved to the capacitors C31 and C32, respectively, When the 
polarity switching circuits 32 and 33 are changed into a reverse connection state and the electric 
charge of the capacitors CL1 and CL2 is moved to the capacitors C31 and C32, respectively, the 
polarity of the offset voltage added to the capacitors C31 and C32 becomes reverse, and offset 
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voltage is offset. 

[0056]The reset switch elements RSW1 and RSW2 are for resetting the electric charge of the 
capacitors C31 and C32. 

[0057]the switch element P2A and P2B — respectively — clock [ in drawing 8 ] ** — it is 
controlled by 2 A and clock ** 2B. the switch elements P15 and P16 ~ the switch elements PI 1- 
P14 in drawing 6 — clock [ in drawing 8 ] ** — it is controlled by 1 . the switch element P23 — 
the switch elements P21-P23 in drawing 6 — clock [ in drawing 8 ] ** — it is controlled by 2. the 
switch elements P31 and P32 — clock [ in drawing 8 ] ** -- it is controlled by 3. the switch 
elements P41 and P42 — clock [ in drawing 8 ] ** -- it is controlled by 4. the reset switch 
elements RSW1 and RSW2 — clock [ in drawing 8 ] ** -- it is controlled by RST. Each clock for 
switch element control in drawing 8 supports the one and OFF of a switch element for which a 
high level and a low are controlled by this clock, respectively. 

[0058]The difference voltage of the complementary output voltage VDp and VDm is equivalent 
to the difference accumulation voltage VD in drawing 1 , and this is compared by reference 
voltage VS and the comparator 20 ( drawing 1 ). 

[0059]Next, operation of the circuit of drawing 7 is explained with reference to drawing 8 . 
[0060](tl-t2) The reset switch elements RSW1 and RSW2 are one, and the electric charge of the 
reset C31 and C32, i.e., capacitors, is reset for subtraction and the integration circuit 17. 
[0061](t2-t9) The reset switch elements RSW1 and RSW2 are off. In time t2-t7, the switch 
elements P41 and P42 have one and the off switch elements P3 1 and P32, and it is this reverse in 
next time t7-t9. 

[0062]The details of the time t2-t7 are as follows. 

[0063](t3-t4) OFF and the switch elements P15 and P16 are [ the switch element P2A / OFF and 
the switch element P23 of one and switch element P2B ] one, and the capacitors CL1 and CL2 
are charged with the output voltage Vop and Vom, respectively. The switch element P2A is 
come by off by t4, and the voltage of the output voltage Vop and Vom at this time is held at the 
capacitors CL1 and CL2, respectively. 

[0064](t5-t6) The switch element P23 is OFF, the switch elements P15 and P16 are one, and the 
electric charge of the capacitors CL1 and CL2 moves to the capacitors C31 and C32, 
respectively. 

[0065](t6-t7) One and the switch elements P15 and P16 are [ the switch element P2A / OFF and 
the switch element P23 of OFF and switch element P2B ] one, and the capacitors CL1 and CL2 
are charged with the output voltage Vom and the output voltage Vop, respectively. Switch 
element P2B is come by off by t7, and the output voltage Vom at this time and the voltage of the 
output voltage Vop are held at the capacitors CL1 and CL2, respectively. 
[0066]The details of the time t7-tl0 are as follows. 

[0067](t7-t8) The switch element P23 is OFF, the switch elements P15 and P16 are one, and the 
electric charge of the capacitors CL1 and CL2 moves to the capacitors C31 and C32, 
respectively. 

[0068]In the time t8-tl0, the same operation as the above t3-t8 is performed. However, just 

before the capacitors C31 and C32 are reset by tlO, the pulse of judgment cycle signal JCS is 

outputted from the timing generating circuit 26 of drawing 2 . 

[0069]Operation explaining drawing 1 is performed by such operation. 

[0070]Also outside, various modifications are included in this invention. 

[0071]For example, not only a power up but when temperature or power supply voltage comes 

outside a setting range at the time of every fixed time and a system reset, it may be made to start 
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bias current automatic regulation processing. An output slew rate should just depend for the 
equalization circuit 1 1 on bias current. 

TECHNICAL FIELD 



[Field of the InventionJThis invention relates to the integrated circuit in which the slew rate 
(variation of the output voltage per unit time) of an output includes the circuit which adjusts 
automatically the value of the equalization circuit depending on bias current, and this bias 
current. 



PRIOR ART 



[Description of the Prior Art|Drawing 9 is a bias adjustment explanatory view of the 
conventional integrated circuit 10X in which the slew rate of an output includes the equalization 
circuit 1 1 depending on the bias current IB. 

[0003 ]The bias current IB is supplied to the equalization circuit 1 1 from the bias circuit 12. The 
load impedance which the outgoing end of the equalization circuit 1 1 was connected to the 
output terminal of an unillustrated circuit or the integrated circuit 10X, and was seen from the 
outgoing end of the equalization circuit 1 1 is ZL. 

[0004] Drawmg 1 0 shows the sample hold circuit which combined the switched capacitor circuit 
and the operational amplifier 13X as the equalization circuit 1 1 in drawing 9 . Drawin g 10 shows 
the case where load impedance can approximate by capacity CL. Drawing 1 1 is a wave form 
chart showing operation of the circuit of drawing 10 . 

[0005]2 phase clock ** which shows drawing 1 1 the switch in drawing 10 — 1 and ** --it is 
controlled by 2 and a high level and low of a clock support the one and OFF of a switch which 
are controlled by the clock, respectively, the switch element PI 1, PI 2, and P13 ~ clock ** « 
being controlled by 1 — the switch elements P21 and P22 — clock ** — it is controlled by 2. 
[0006]The input-and-output voltage of the equalization circuit 1 1 is expressed with Vi and Vo, 
respectively, clock ** — when 1 is a high level, the both ends of the capacitor C2 are grounded 
and reset, and the capacitor CI is charged with the input voltage Vi. The charge quantity Ql 
charged by the capacitor CI is CI and Vi. next, clock ** — when 2 was set to a high level, this 
electric charge Ql moves to the capacitor C2 and sufficient settling time is given, the charge 
quantity Q2 of the capacitor C2 serves as C2 and Vo. Since it is Q1=Q2, it is expressed 
Vo=(Cl/C2)Vi. 

[0007]If the equalization circuit 1 1 does not have sufficient driving ability to load-carrying- 
capacity CL when operating the equalization circuit 1 1 with a high-speed clock, a slew rate is 
insufficient, it is set to Vo<(Cl/C2) Vi, and a required output swing is not obtained. 
[0008]In a design, under the worst condition of the deviation of the circuit element characteristic 
generated in a manufacturing process, power supply voltage, and temperature, the bias current IB 
supplied to the operational amplifier 13X is determined so that a required output slew rate may 
be obtained. Under the present circumstances, the change of the driving ability of the operational 
amplifier 1 3X and the change of load-carrying-capacity CL accompanying change of the bias 
current IB are taken into consideration. 

[0009]However, it does not usually become the worst conditions but becomes excess of power 
consumption. 

[OOlOl Drawing 12 shows the output voltage Vo under the conditions from which the 
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equalization circuit 1 1 manufactured based on the same design differs about the time tl-t3 in 
drawing 1 1 . VLL shows the lower limit of the output voltage Vo required in order that the 
equalization circuit 1 1 may carry out normal operation under the worst conditions among 

drawing 12 . 

[001 l]In order to return to drawing 9 and to solve the problem of this excess of power 
consumption in the former, The integrated circuit 10X is equipped with the bias circuit 12 which 
can adjust the bias current IB, The bias current IB of the same value as the bias current IB 
supplied to the equalization circuit 1 1 was taken out from the bias circuit 12 outside, and it 
measured with the ammeter 14, and trimming adjustment of adjusting the bias current IB with 
the equalization circuit 15X was performed so that this value might come in a prescribed range. 
This adjustment is performed in the culmination of manufacture of the integrated circuit 10X. 

EFFECT OF THE INVENTION 



[The means for solving a technical problem and its operation effect] In one mode of the 
integrated circuit by this invention, the slew rate of an output is provided with the replica circuit 
and bias current automatic regulation circuit of the equalization circuit depending on bias 
current, and repeat execution of the predetermined operation is carried out to this replica circuit 
for adjustment. This automatic regulation circuit has a weighting network, a comparison circuit, 
and a bias adjustment circuit. 

[0015]In this weighting network, the output is reset and processing in which accumulation of eye 
********** and this difference is carried out for a difference with the 2nd output signal after the 
2nd hour passes with the 1st output signal after the 1st hour passes after carrying out the step 
input of the predetermined value to this replica circuit is repeated. This value that carried out 
accumulation is compared with a preset value in this comparison circuit. In this bias adjustment 
circuit, the bias current of this replica and this equalization circuit is similarly changed according 
to the comparison result of this comparison circuit for every bias adjustment circuit this 
prescribed frequency. 

[00 16] Since according to this integrated circuit bias current is suitably adjusted automatically 
according to it even if the bias current and output load of this equalization circuit have dispersion 
with a manufacturing deviation, power supply voltage, and ambient air temperature, power- 
saving is realizable. The parasitic capacitance of the circuit element of this automatic regulation 
circuit does not affect a main signal system including this equalization circuit, but moreover, it 
can adjust the bias current of this equalization circuit automatically in parallel with this, without 
stopping operation of this main signal system. It becomes unnecessary to perform bias current 
tuning in the culmination of manufacture of this integrated circuit, and the cost can be reduced. 
[0017]Other purposes, composition, and effects of this invention become clear from the 
following explanation. 
[0018] 

[Embodiment of the Invention] Hereafter, the embodiment of this invention is described with 
reference to drawings. 

[00 19] [A 1st embodiment] Drawing 1 is a block diagram of the integrated circuit 10 in which the 
slew rate of an output includes the equalization circuit 1 1 and bias current automatic regulation 
circuit depending on bias current. 

[0020]The load impedance which the outgoing end of the equalization circuit 1 1 was connected 
to the output terminal of other unillustrated circuits or the integrated circuit 10, and was seen 
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from the outgoing end of the equalization circuit 1 1 is ZL. In the integrated circuit 10, the same 
replica circuit 1 1R is formed as substantially as the equalization circuit 1 1 . In order to improve 
identity with the equalization circuit 1 1 more, the replica circuit 1 1R is formed near the 
equalization circuit 1 1 . The bias current of the same value can flow into the equalization circuit 
1 1 and the replica circuit 1 1R, and this value can be adjusted with the bias current equalization 
circuit 15. The weighting network 16 connected to the outgoing end of the replica circuit 1 1R is 
designed so that the load impedance seen from the outgoing end of the replica circuit 1 1R may 
become a value almost equal to it of the equalization circuit 1 1 . 

[0021]The weighting network 16 was provided with subtraction and the integration circuit 17, 
and the control circuit 18, and subtraction and the integration circuit 17 are provided with the 
switch element P2A, and 2B and the integration circuit 19. 

[0022]The switch element P2A is connected between the outgoing end of the replica circuit 1 1R, 
and the inverted input end of the integration circuit 19, and switch element P2B is connected 
between the outgoing end of the replica circuit 1 1R, and the noninverting input end of the 
integration circuit 19. The integration circuit 19 is provided with an inverted input end and a 
noninverting input end, carries out accumulation of the value proportional to the difference of the 
signal supplied to the noninverting input end, and the signal supplied to the inverted input end, 
and outputs this as the difference accumulation voltage VD. Accumulation is carried out in order 
to raise bias current adjustment accuracy. That is, since this difference is very minute and it is 
difficult to carry out comparative evaluation of this directly in a tolerance, accumulation of this 
difference is carried out. 

[0023 ]The difference accumulation voltage VD is supplied to the inverted input end of the 
comparator 20, and reference voltage VS is supplied to the noninverting input end of the 
comparator 20. The enable signal EN outputted from the comparator 20 is a low at the time of a 
high level and VD<VS at the time of VD>VS. 

[0024]The control circuit 18 supplies a timing signal to the replica circuit 1 1R, and subtraction 
and an integration circuit 17, The replica circuit 1 1R, and subtraction and an integration circuit 
1 7 are periodically operated like the after-mentioned, and if the enable signal EN is a high level 
after subtraction and the integration circuit 17 operate repeatedly N times (i.e., if it is VD>VS), 
the pulse of adjust signal AP will be supplied to the bias current equalization circuit 15. The bias 
current equalization circuit 15 answers this pulse, and adjusts one step of bias current of the 
replica circuit 1 1R and the equalization circuit 1 1 in the direction which that value converges on 
an optimum value. 

r00251 Drawing 2 shows some examples of composition of drawin g 1 . 

[0026]In the equalization circuit 1 1, the series connection of the circuit 21 and FET22 is carried 
out between the power supply potential VDD and a ground. FET21R of the replica circuit 1 1R 
and 22R support FET21 of the equalization circuit 11, and 22, respectively. 
[0027]The bias current equalization circuit 15 is provided with the counter 23 and D/A converter 
24 with which the enumerated data are supplied, and the output of D/A converter 24 is supplied 
to the gate of FET22 and FET22R as gate voltage VG. The bias current IB according to the value 
of gate voltage VG flows into FET22 and FET22R. If gate voltage VG goes up, the bias current 
IB will increase and the output slew rate of the circuits 21 and 21R will become high. 
[0028]In the control circuit 18, the clock CLK is supplied to the timing generating circuit 26 via 
the gate circuit 25. The timing generating circuit 26 generates the timing signal over the replica 
circuit 1 1R, and subtraction and an integration circuit 17 of drawing 1 based on this clock CLK. 
A pulse cycle generates judgment cycle signal JCS equal to a comparison test cycle (cycle 
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judged at Step S7 of drawing 3 to be K=N), and supplies the timing generating circuit 26 to one 
input edge of AND gate 28 again. The enable signal EN is supplied to the input edge of another 
side of AND gate 28, and PASURU of judgment cycle signal JCS is supplied for the enable 
signal EN to clocked into end CK of the counter 23 as adjust signal AP via AND gate 28 
between high level. If the gate circuit 25 will be in a through state to the clock CLK after 
powering on, this state is held at a flip-flop and the enable signal EN is set to a low in the pulse 
standup of judgment cycle signal JCS, This flip-flop will be reset, it will be in a cut off state to 
the clock CLK, and a stop, i.e., bias current automatic regulation operation, is completed by 
operation of the control circuit 18. 

[0029]Drawing 3 is a flow chart which shows the sequence of control by the control circuit 18 of 
drawing 1 . Drawing 4 (A) - (C) shows the ON-and-OFF waveform of the waveform of the output 
voltage Vo in drawing 1 , the switch element P2A, and P2B. The inside of a parenthesis is [ the 
following and ] a step identification signal in drawing 3 . 

[0030](S1) The integration circuit 19 is reset and the output VD is set to 0V. The initial value 1 
is loaded to inner counter K, and an initial value is loaded to the counter 23 of drawin g 2 . 
[003 1](S2) The replica circuit 1 1R is reset and the output voltage Vo is set to 0V. 
[0032](S3) The step input of the input voltage Vi is carried out to the replica circuit 1 1R. This 
rises, as the output voltage Vo shows drawin g 4 (A). 

[0033](S4) If the number of the counters K is odd, it will progress to Step S5, and if the number 
is even, it will progress to Step S6. 

[0034](S5) As shown in drawin g 4 (A), switch element P2B is made one, and value Vol of the 
output voltage Vo in case switch element P2B changes from one at OFF is made to add to VD to 
the integration circuit 19 after carrying out the step input of the input voltage Vi to the replica 
circuit 1 1R until time tl passes. Next, it progresses to Step S7. 

[0035](S6) As shown in drawing 4 (A), the switch element P2A is made one, and value Vo2 of 
the output voltage Vo in case the switch element P2A changes from one at OFF is made to 
subtract from VD to the integration circuit 19 after carrying out the step input of the input 
voltage Vi to the replica circuit 1 1R until time t2 pass. 

[0036](S7) If it is N<K, it will progress to Step S8, and if it is N=K, it will progress to step S9. 
[0037](S8) Only 1 ************** s the value of the C0U nter K and it returns to Step S2. 
[003 8] Whenever it repeats processing of Steps S1-S8 twice, deltaV=Vol-Vo2 is added to VD. 
Generally, the value proportional to difference voltage deltaV is added to VD. 
[0039](S9) Judgment cycle signal JCS in drawing 2 rises, and if the enable signal EN is a high 
level ('H'), i.e., VD>VS, at this time, It progresses to Step S10, the clock CLK is not supplied to 
the timing generating circuit 26 in drawing 2 , but operation of the control circuit 18 stops. Since 
the pulse of adjust signal AP is no longer supplied to the counter 23 and the output of the counter 
23 is fixed, gate voltage VG and the bias current IB are also fixed. Thereby, a bias current 
automatic regulation is completed. 

[0040](S10) In drawing 2 , the pulse of judgment cycle signal JCS passes along AND gate 28, 
and is supplied to clocked into end CK of the counter 23 as a pulse of adjust signal AP. Next, it 
returns to Step S 1 . 

[00411 Drawmg 4 (A) When the value of gate voltage VG corresponding to the waveform of the 
output voltage Vo of - (C) is expressed with VG1, VG2, and VG3, respectively, it is 
VG1<VG2<VG3. That is, the direction in the case of drawing 4 (B) has a value of the bias 
current IB larger than drawing 4 (A), and the direction in the case of drawing 4 (C) has a value of 
the bias current IB larger than drawing 4 (B). The build up time of the output voltage Vo 
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becomes short, difference voltage deltaV becomes small, and the value of VD which integrated 
this N times also becomes small, so that the value of the bias current IB is large. Since power 
consumption becomes large so that the value of VD is small, the value of suitable VD which can 
prevent the excess of power consumption and in which the equalization circuit 1 1 carries out 
normal operation is calculated beforehand, and this value is set to reference voltage VS. 
[0042]Gate voltage VG answers the pulse of adjust signal AP, and as shown in drawing 5 (A), it 
changes stair-like. 

[0043]Since the integrated circuit 10 is equipped with the above bias current automatic 
regulation circuits to the equalization circuit 1 1 according to this embodiment, Even if the bias 
current and output load of the equalization circuit 1 1 have dispersion with a manufacturing 
deviation, power supply voltage, and ambient air temperature, according to it, bias current is 
adjusted automatically suitably, and power-saving can be realized. It becomes unnecessary to 
perform bias current tuning in the culmination of manufacture of the integrated circuit 10, and 
the cost can be reduced. Since it has the replica circuit 1 1R corresponding to the equalization 
circuit 1 1 and is adjusting automatically using the output, The bias current of the equalization 
circuit 1 1 can be adjusted automatically in parallel with this, without the parasitic capacitance of 
the circuit element of an automatic regulation circuit not affecting a main signal system, but 
moreover stopping operation of a main signal system. 

[0044]Other methods may be adopted as completing the bias current IB. For example, the 
counter 23 is replaced with a down counter and it may be made to supply reference voltage VS 
and the difference accumulation voltage VD to the noninverting input end and inverted input end 
of the comparator 20 in drawing 1 , respectively. In this case, gate voltage VG changes, as shown 
in drawing 5 (B). Whenever the pulse of judgment cycle signal JCS is supplied without using the 
counter 23 and AND gate 28 of drawing 2 , Are 1 / method of 2 search, and it is made to change 
according to the numerals of the enable signal EN, as gate voltage VG is shown in drawing 5 
(C), and it may be made to repeat this until the absolute value of the difference of the difference 
accumulation voltage VD and reference voltage VS turns into below the preset value epsilon. 
[0045] Drawing 6 and drawing 7 show the example of composition of the replica circuit 1 1R in 
drawin g 1 , and subtraction and an integration circuit 17, respectively. These circuits are 
complementary input-and-output types. Drawing 8 shows the clock CLK, the control signal 
supplied to the circuit of drawing 6 and drawing 7 , and judgment cycle signal JCS in drawing 2 . 
Dra\\ong_8__shows the case where the value of N in drawing 3 is 4. 

[0046]This replica circuit 1 1R is a sample hold circuit which combined the switched capacitor 
circuit and the complementary input-and-output type operational amplifier 13, and is similar to 
the equalization circuit 1 1 of drawing 10 . The same numerals as the corresponding thing in 
drawing 1 0 are given to the switch element in drawing 6 . In the circuit of drawing 6 , it has P14 
and P23 as a switch element which is not into drawin g 10 . 

[0047]The switch element P14 is for short-circuiting between the inverted input end of the 
operational amplifier 13, and noninverting outgoing ends, and between a noninverting input end 
and inverted output ends at the time of reset of the replica circuit 1 1R, making complementary 
input and output of the operational amplifier 13 into same electric potential, for example, 1.4V, 
and setting offset to 0V. The switch element P23 is for separating the output of the operational 
amplifier 13 from the capacitors C21 and C22 at the time of this reset, and resetting the 
capacitors C21 and C22 to ground potential which is different in the operational amplifier 13. 
[0048]clock [ in drawing 8 to which the switch elements PI 1-P14 carried out 4 dividing of the 
clock CLK ] ** — ON-and-OFF control is carried out by 1 ~ clock ** — these switches are 
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turned on when 1 is a high level, the switch elements P21-P23 ~ clock ** — clock [ of 1 and an 
opposite phase ] ** — ON-and-OFF control is carried out by 2 — clock ** — these switches are 
turned on when 2 is a high level. The capacitors CI 1 and C 12 are the same capacity value 
mutually, and are equivalent to the capacitor CI of drawing 10 . The capacitors C21 and C22 are 
the same capacity value mutually, and are equivalent to the capacitor C2 of drawing 10. 
[0049] Vip= 1.6V and Vim=1.2V are supplied to the replica circuit 1 1R as a complementary input 
signal. 

[0050]Operation of the circuit of drawing 6 is drawing 10 m entioned above, and since he can 
understand easily, it omits the explanation. 

[0051] Subtraction and the integration circuit 17 of drawin g 7 are similar with the replica circuit 
1 1R of dra wing 6 , The complementary input-and-output type operational amplifier 30, the 
polarity switching circuit 31, the switch element PI 5, the capacitors CL1 and CL2, C31 and C32, 
and the polarity switching circuit 32, respectively The operational amplifier 13 of drawing 6, the 
switch element PI 1, P21, the capacitor CI 1. And CI 2, C21 and C22, and the switch element P22 
are supported. 

[0052]The switch element P2A and P2B parallel and the polarity switching circuit 31 which 
carried out cross connection (right reverse connection), Where it was because addition and 
subtraction of charge quantity are enabled, and it made the switch element P23 one and the 
switch elements P15 and P16 are turned OFF, If the capacitors CL1 and CL2 are charged with 
the output voltage Vop and Vom, respectively, or the capacitors CL2 and CL1 are charged and 
then these electric charges are moved to the capacitors C31 and C32, addition and subtraction 
will be performed to the addition electric charge of the capacitors C31 and C32. 
[0053]The capacity value of the capacitors CL1 and CL2 is set that the load impedance seen 
from the outgoing end of the circuit of drawing 6 b ecomes almost equal to the load impedance 
ZL in drawing 1 . 

[0054]The electric charge of the capacitors CL1 and CL2 moves to the capacitors C31 and C32, 
respectively, when the polarity switching circuits 32 and 33 turn OFF the switch element P23 by 
a positive or reverse connected state and make one the switch elements P15 and PI 6. 
[0055]The polarity of the offset voltage which the polarity switching circuits 32 and 33 are the 
objects for offset voltage offset, and is added to the capacitors C31 and C32 when the polarity 
switching circuits 32 and 33 are made into a tangent interlock state and the electric charge of the 
capacitors CL1 and CL2 is moved to the capacitors C31 and C32, respectively, When the 
polarity switching circuits 32 and 33 are changed into a reverse connection state and the electric 
charge of the capacitors CL1 and CL2 is moved to the capacitors C31 and C32, respectively, the 
polarity of the offset voltage added to the capacitors C31 and C32 becomes reverse, and offset 
voltage is offset. 

[0056]The reset switch elements RSW1 and RSW2 are for resetting the electric charge of the 
capacitors C31 and C32. 

[0057]the switch element P2A and P2B ~ respectively - clock [ in drawing 8 ] ** ~ it is 
controlled by 2 A and clock ** 2B. the switch elements P15 and P16 ~ the switch elements PI 1- 
P14 in drawing 6 — clock [ in drawing 8 ] ** ~ it is controlled by 1 . the switch element P23 ~ 
the switch elements P21-P23 in drawing 6 — clock [ in drawing 8 1 ** — it is controlled by 2. the 
switch elements P31 and P32 — clock [ in drawing 8 ] ** -- it is controlled by 3. the switch 
elements P41 and P42 — clock [ in drawing 8 ] ** -- it is controlled by 4. the reset switch 
elements RSW1 and RSW2 — clock [ in drawing 8 ] ** — it is controlled by RST. Each clock for 
switch element control in drawing 8 supports the one and OFF of a switch element for which a 
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high level and a low are controlled by this clock, respectively. 

[0058]The difference voltage of the complementary output voltage VDp and VDm is equivalent 
to the difference accumulation voltage VD in drawing 1 , and this is compared by reference 
voltage VS and the comparator 20 ( drawing 1 ). 

[0059]Next, operation of the circuit of drawing 7 is explained with reference to drawing 8. 
[0060](tl-t2) The reset switch elements RSW1 and RSW2 are one, and the electric charge of the 
reset C31 and C32, i.e., capacitors, is reset for subtraction and the integration circuit 17. 
[0061](t2-t9) The reset switch elements RSW1 and RSW2 are off. In time t2-t7, the switch 
elements P41 and P42 have one and the off switch elements P3 1 and P32, and it is this reverse in 
next time t7-t9. 

[0062]The details of the time t2-t7 are as follows. 

[0063](t3-t4) OFF and the switch elements P15 and P16 are [ the switch element P2A / OFF and 
the switch element P23 of one and switch element P2B ] one, and the capacitors CL1 and CL2 
are charged with the output voltage Vop and Vom, respectively. The switch element P2A is 
come by off by t4, and the voltage of the output voltage Vop and Vom at this time is held at the 
capacitors CL1 and CL2, respectively. 

[0064](t5-t6) The switch element P23 is OFF, the switch elements P15 and P16 are one, and the 
electric charge of the capacitors CL1 and CL2 moves to the capacitors C31 and C32, 
respectively. 

[0065](t6-t7) One and the switch elements P15 and P16 are [ the switch element P2A / OFF and 
the switch element P23 of OFF and switch element P2B ] one, and the capacitors CL1 and CL2 
are charged with the output voltage Vom and the output voltage Vop, respectively. Switch 
element P2B is come by off by t7, and the output voltage Vom at this time and the voltage of the 
output voltage Vop are held at the capacitors CL1 and CL2, respectively. 
[0066]The details of the time t7-tl0 are as follows. 

[0067](t7-t8) The switch element P23 is OFF, the switch elements P15 and P16 are one, and the 
electric charge of the capacitors CL1 and CL2 moves to the capacitors C31 and C32, 
respectively. 

[0068]In the time t8-tl0, the same operation as the above t3-t8 is performed. However, just 
before the capacitors C31 and C32 are reset by tlO, the pulse of judgment cycle signal JCS is 
outputted from the timing generating circuit 26 of drawing 2 . 
[0069]Operation explaining drawing I is performed by such operation. 
[0070]Also outside, various modifications are included in this invention. 
[0071]For example, not only a power up but when temperature or power supply voltage comes 
outside a setting range at the time of every fixed time and a system reset, it may be made to start 
bias current automatic regulation processing. An output slew rate should just depend for the 
equalization circuit 1 1 on bias current. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, since change of the value of the load 
impedance by change of the characteristic deviation or power supply voltage of load impedance, 
and temperature is not taken into consideration, the bias current IB must be determined 
supposing the maximum of load impedance, and it becomes insufficient saving the power. Since 
it is necessary to perform tuning of the bias current IB by the manufacturing stage of the 
integrated circuit 10X, it becomes a high cost. 
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[0013]The purpose of this invention is to provide the integrated circuit whose power can be 
saved more, without adjusting bias current for the circuit for which the slew rate of an output 
depends on bias current before product shipment in view of such a problem. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing IJ The slew rate of an output of one embodiment of this invention is a block diagram of 
an integrated circuit including the equalization circuit and bias current automatic regulation 
circuit depending on bias current. 

[Drawing 2] It is a block diagram showing some examples of composition of drawing 1 . 
[Drawing 3] It is a flow chart which shows the sequence of control by the control circuit of 

drawing 1 . 

[Drawing 4] (A) - (C) is all a figure showing the ON-and-OFF waveform of the waveform of the 
output voltage Vo in drawing 1 , the switch element P2A, and P2B. 

[Drawing 5] (A) - (C) is a diagram showing the temporal response of the output value of the bias 
current equalization circuit in the case of adjusting bias current automatically with step-up, a step 
down, and 1/2 heuristics, respectively. 

[Drawing 6] It is a figure showing the example of composition of the replica circuit in drawing 1 . 
[Dra wing 7] It is a figure showing the example of composition of the subtraction and the 
integration circuit in drawin g 1 . 

[Drawing 8] It is a timing chart which shows the reference clock CLK, the control signal supplied 
to the switch element of the circuit of drawing 6 and drawing 7 , and judgment cycle signal JCS 

in drawing 2 . 

[Drawing 9] The slew rate of an output is a bias adjustment explanatory view of the conventional 
integrated circuit including the equalization circuit depending on bias current. 
[Drawing IQJ It is a figure showing the sample hold circuit which combined the switched 
capacitor circuit and operational amplifier as an equalization circuit in drawing 9 . 
[Draw ing 1 I jlt is a wave form chart showing operation of the circuit of drawing 10. 
[Drawing 12] It is a figure showing the waveform of the output voltage Vo under the conditions 
from which the equalization circuit manufactured based on the same design differs about the 
time tl-t3 in drawing 1 1 . 
[Description of Notations] 

10 Integrated circuit 

1 1 Equalization circuit 
11R Replica circuit 

12 Bias circuit 

13 and 30 Complementary input- and-output type operational amplifier 

15 Bias current equalization circuit 

16 Weighting network 

17 Subtraction and an integration circuit 

18 Control circuit 

19 Integration circuit 

20 Comparator 
22, 22R FET 
23 Counter 
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24 D/A converter 

25 Gate circuit 

26 Timing generating circuit 
31-33 Polarity switching circuit 



[Translation done.] 
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tfJTJ £■ U -fe «y h L . Sl/7 y * 0»tCJ5fSE«S X A -y T 

atj lt^ah i mNmLt&em 1 mt)imtm2 
mmm Lt&tm 2 aj7ifi-§A <nm: mm*im> , 

k, 

£#a & i fc as¥»#cjm»0B„ 

[ 11*112] iiHJHBIlHBHi, 

±tesg i ±ae»2 as*«#k on*st*^4 

< i ) tsa* ■ st^ni»^)»4Hi* y-fe v b $-tA 
( 2 ) isi^r y fj ms&Sr u -fe ■/ h l . &v >-ckut y # 

tzmxmm 1 i^BH»airr* * t^wr y * niB^ffiij 

ifcv 'J # 0S££ y -fe h L . &v >Ti^T >J # 

K ( 1 ) (2) cO^a^^OjR-f". 

±ia^'-frxira»niss{i. ±fajrb>B« 

fci 9±IBMWiPmffi^±IBI^ffi J: 0 A^ ni:W5&S5 

; t *i«t^4iir^2iBit<o¥«Mc««iii». 
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^§^m2^-v^°>-^i;. 
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Atam 3 &vB4 ni/9<?m 2mzti?timm 
miz txii ztiZ'tmMMwmm&com&m&vimm; 

■yA0SSt . 

^*AI» c: t ^«f»i: r*SI^63BB^»H«l«llI 

[ ft *il 8 ] Aia§iJffli05§(i , JJESS l atX» 2 ffitt 
ABM >f -y ADHB^ft fcJJEHBgHBBfc-t 4 m 1 HRRI 
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wmmiz^-&m2mmk ziamzm y m t , i a 
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[0002] 

[t&feOgcffi] H9i4, ibjWAilr-ls—hWWTX. 

mm B£mf+&wmm&i 1 £*trfl&#co¥#* 
mmm% 1 o xw>m t.xwsskbh'c&s . 

[0003] MUSKEGS 1 1 fcli. V\M TX®& 1 23&» 

ijmizT-m^®mxte¥mmmM3& 1 o xcoa^s 
ft*i§^i. Mils hiss 1 1 <7>&jimfrt>%Ain.m4 

[0 0 04] Hi 0J4, Bl9tt<ottmiIill lfcLT 

a^fcttrfy^'M-^ F EH&£jjr$\ HI Of 
54. -f yf-^'yx^ic LT"3£MT-& 
^LT^ft. HI Hi, HI OcOlllS^iJj^SrTKt-^ 

HC&ft„ 

[0005] HI 04tciX-f -yf-Ji, HI 1 t^-T2ffi 
>? n > y 7 O 1 si/* 2 TfMfllSfu ? n -y ? o^^C/V 

1, P 1 2&t>"P 1 aii^O-y^Ol-CWflPStfu x>f 
7fffP2 l»VP2 2l4;ny?*2tlWS<l 

ft. 

[0006] wmssm 1 1 c9Aifj7j«ffi§r-Himv 
^-/^ * c 2 commmn^tix v -t -y f § ti& t & 

'ti^Clfc^SftiWflHlQlli. CI - Vitfc 
So <}:(^n7?$2* s IIy^;H^5t 1 ico^ffiQ 
1 j&Wp-r^S^C 2^?£»L, ^Sr-fe -y F U y^KHSI 
£>ft.7*C*§-£-£i4. *<W«^C2<Z>WI»Q2li 
C2 ■ Voi:«„ Ql=Q2T'fcftOT\ Vo= (C 
1/C2) Vi hSt^ixS. 
[0007] ttHBHft 1 1 * n >y 

ftPlfiM 1 1 #m«8«C L fc*J LT*4«r 
IE»t£7J£*L3rWx{f, X/F-Ix-Fj&^JELTVo 
<(C1/C2) Vit^O, ^g&ttt7J«K#f#4>*x 

[0008] isit^i3^-c(4. wmmmx^-t&w 

x. '&m^w,^x>v-v—yifi%hfih i-st, ajdsus 
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.TOR, tUTXWSLl BfOSaBCffdaaPOTHSl 3 

[0009] u?>u »mt»i*ttfc i Sr6i t , mm 

7Ja&=£f:&ft. 

[ 0 0 1 0 ] HI 2(4, |§f— i£tH-«^TSBt£:to£ 
MMKIIIIfSl l«l^*ttTt«^lffVo£. H 
1 l^pcommt 1— t 3t:-9l^3Kt. HI 2tf. VL 



[ooii] i9ti-)t, mtTi£zcommmj]i&§> 

^qr^0ii 2*¥mmm®s&i oxizffit. w. 
mmmm 1 1 £.ffltzti&rt4 Txwsa iBtm tmo 
b^/utxwi 2*^nmzMK>ta 
txmmf 1 4 -cans l , ^ tfHBWBBEKHrttar* =t 
3 NSEingt i 5 xtj; ovn'w r^m»s i b £f«-f 
ft t v ^ a t- u s y ymmtftfrtix ^ . <r , 

¥#**»HI» l o xcoWitf^BWt^fcfU . 

[0012] 

-f y t°-ryx<7)S^;ffl^ffi?gLTvS'-f T*«sK I B£ 

fc, ^mikmmmmi o x^wtgarrA-f r^mst i 

BOiffifNtSrfr 3<£W&l»^T-\ 3-X h « t ^S . 
[0013] *^Bjoa«{4, £W£ 33rflML£te* 

&j)<7)z.)v-\s- htffU TxmMiz&tff-f& mas 

[0014] 

y&jm rxmafcfl^isawiiiiioi^ru^iiiii 

[0015] KfPfiB0lfST-«4. ^^a^Sr V -fe >y h L, 
II^T U ^ HIMtFJTSffi SrXx >y LT*»6ffS 1 B# 

ft, tv^MJi^SOjg-f-o ISJ;t«0S§T"{4, 

jds L^ffista^ffli: ttK-Tft . rxmmm^x 
«4, A>frxi«iiiiiK0fSiii»*ffc, Uitmm^it 

[0016] i<^WMM»lll»fc:J:*i«, !?Jt«M, 

>f rxmss^iss^gi&ifiiKs^ftcoT', mn-Mttfm 

{4, SftlMlll»**tr±e^fit=i«it-¥-i-f , U* 3 
«>, IS±m^-^«lf^^iha6ftii:^<rtLfc¥fi : LT 
RIHPHEigRW^ giftilK-rft £ t 

ft. S^t. IS^**«EIS^ffi3t««$*gPfCv^ 
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r xwfcmmft m & f? a &&&& < & o . w^fj 
[0017] *s&Bj<7)fl&<7)aeu, «j^tfs&st4J2rRo 

[0018] 

[^BBOiatco^ffi] 1TF. IMffiS«^LT*^ W || 

[0019] imimmmmi mm. &^x>v-v 
- b &) m rxmmzmf-t & mmmmz 1 1 aw w 

[0020] wmmmwk 1 1 ^m^sm, ^h^ahcd 

1 1 <0Hi*«*»6^fcfi#>f >b-^>xt±z 

-6. SPffiHIESl lfcOR—ttfc.kDWbSfcftfc, U 
ruann&l lRtiMISSHISSl l«3£<tffM$ixT 

1 5tcJ; , 9illfi"5Itgt5:'3TV^, L-yU^HIg&l 1R 

0>Hi;a«a»6»fciWM ^t-ryx*qsdPHHn» 1 1 
r <o aj umztm § rtJtwieiK 1 6 § fvo > 
[0021] mmmrn 1 6«. • smhhku 7 tarn 

#P0S& 1 8 £fjf;t , M* ■ 1 7 MXA - y *m 

^P2Afttf2Bi:IIMMHl»l 9fc£«*.T^4. 
[0 0 2 2] 7ftfP2All v-ry^[iiff#i 1 
R«m*»fcl»*lllJ»l 9<0S«KX*»k^lHfcflaiE3 

ffi t «#[IMS& 1 9 ^#R«kA7JS§ fc eoBlfcSfttS fit «. * 
h. mimBU 9<4, R(6A*«i:l|sR(6A*JBi: *« 

*Hlfll3WEVDi:UTa}*r4. mUMt-^Ji, 

Ri6*«fiB6TfflWNTft *) . Wfmmm&wpivziiz mm 

[0023] HI^WJPtt«J±VD{SJt*Stff2 OWRIeA 
7"/HI# ENIi, VD>VS£Oi:#lttlx''<JK VD<V 

[0024] sra@s§i8(i. i^ru^niBi ir&i* 
^7 | J ^nifi# 1 1 RRxftsx. ■ mftmm 1 7 zimv ± 

3 fcJSJHWfclftffS*, • 1 7*«N|lHi»3 



{f, t ; 3r*>^vD>vs'Cjiwr. ^'4* rxm^msM 

1 1 RS.t/'teliKHIg# 1 1 OA-f rx«il£ , %<nmr 
[0025102(1 Hl«— »<oa!fS«fc*^-. 

[0026] NdniR 1 1 1±, wstwav d d t ^5 

y h* k tf>IH£[3R2 UFET22!: **B3WSSR3*lT 
^S. P7'J^0S1 lR^FET2 1RM'2 2R(i 
WiaaWHIl 1 l«FET2 1*y'2 2 C# JS L 

[00 27] ^-f T.X*a»HHlll§ 1 514, i]*?V?2 
3 k , ^ iOfHRftmiftSftft D/A36fHH 2 4 fc 

D/A3Sft»2 4«ai** t ^— hMEEVGi: LTF 
ET2 2WFET2 2ROf-M:fife$tll), FE 
T2 2Sy'FET2 2 RtC{4, h«J±V GCOffitCjS 

■f-S t , >U TXtS I B*iftSn LTES&2 1 RU'2 1 

[0028] MffllSS&l 8-m. ?07?CLW- 
hHI»2 5 tr^LT^-Y 5 y^^HlB&2 6 fc«$&$tL 

S^'v^T. Hl^l^rU^IIIg&l 1 RSlVMS: ■ flHHH 
1 7 testes ^ >f 5 y^mm^M-th . 94^s7 
%*0IS2 6(i4fc, ^VL-XMaj^tKWSMM (03 
«Xf77S7tK=Ni: § tL^ MW§ ) L ^fl 

Sl^-f ^;H3# J c s %3h&lzt> vy- h 2 

^K-nmzim-th . 7^^-12 s^m-n^xti 
e N^'is^^^ra. ws-f 9)vm^jc s<nj^x)v 

ftT>vy-Y2Q$:-frLWm.{t J %APkLXf]^>? 

E N K;l- 5r t , I«7y7770 7 7°*^' U -fe 
«y hS^-C^n-y^CLKtitLilBff^ailtiSrO, ®J» 

miti 8ot&^Wih, -r**>^^T^mstti«» 

[00 29] 03{4. Hl^fllllUftl 8t i.&nn<7> 
is— ^yx^st7n-f^- btM. H4 (A) — 

( C ) 14„ HI cf »aj73«ffiV o cDmmMLlflZXj -y^- 
»-?P2AaVP2Bc7)^-y/^-7^Sr^-r o JilT, 
SMrti4H 3 4i^X^ -y 7«80flF#T* 4 . 

[00 30] (SI ) WM&l 9£U-fe-y M/t*05 

So 

[00 3 1 ] (S2) 1/7°U^H1S§1 IRSr'J-tr-yhL 
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[0032] ( s 3 ) urvxmzi i Rtdttu atj 

Vo£*#|;t(£04 (A) fcij?^<:fc , &_b&*4. 
[0033] (S4) KA*afiBt - C**Ur^T"5' 

[0 0 34] ( S 5 ) ury^EBl 1 RtA7J«J±V 
i JXrvTA^Lti^^FIt lSaS-rSif, 134 
(A) fc^r«n<^>f y^*PP2B&jJ-ytL. K# 
19111 9fc*tU 7fffP 2 B^^^*7t 
3*Bfi-4i^)as*«£EVo<oirVo 1 *VDKJnKS-fr 
«. ^tX^-yTS7^ittf. 

[0 0 3 5] (S6) IsTVtmS&l 1 RtA^JlEV 
i ^XT-'yrA7jL-C^^H#r B 1t 2«*$-£4t\ 04 
(A) t5rWn<^>f'yf*F-P2A**yfc:L» 

*»-^4BS«aS*«JEEVo<0tfVo 2*VD*»^>«JtS 

[0036] ( S 7 ) N<KT'&^£Xf'>y:rS8'\ji 
A. N =RT'&MXf7 7° S 9^31^0 

[0037] (S8) *^>-^K^Mi/;wy?y 

J*>-hU Xf-yTS 2^H£o 

[0 0 38] Xr>yTS 1— S8cr)MM%2®m*)M-f 
tet, AV = Vo l-Vo 236 t VDfclnrJtSfl.4. — ffi. 

[0039] ( s 9 ) H2 t^f'JS- 1 ^ J c s 

^3t*>±^0 , i^SH 7VHI-tE N^l^/V 
( 'H' ) , ■TSr*)t.VD>VS'C*#ltf, Af7 7S 
1 O'vit^. ^oT*&fmt£02t:^T?o>y?CL 
Kfl^-f 5>^36£|I|K2 6fc#t*&§fx-7\ MflmKl 

8 eoi&tf^ffik-t s . mmm^rA p ?y wxtrti ^y? 
ti&cox\ y- h «j± v g&uo rxflH i b 

So 

[0040] ( S 1 0 ) 112 fcfcvv^ PJj£^>f 

f jc sw^/wiwy F^ 1 '— b 2 8 £ . Pifift-f- 

APW^t LT^"7y^ 2 3c7)^n-y ^ATJSCK 

[0 04 1 ] 04 (A) ~ (C) «ffi7JttJ±Vo<7)$E^ 
tStJCS-f-Sy- HffiVGcOffl^-etL-TfLVG 1 „ VG 
2M/VG3T"*-ti:. VGKVG2<VG3t* 

04 (A) i 9^04 (B) w^w^r 

#A-f TXSS I B<Offi#A§ < . 04 ( B ) «t o i>m 
4(c) (Wb&eyJiifrW TXWtfi I Bcoffi^A# 
; \M rxts i b cofg^'A* v ^1 1" , tH7J«JEV o coir 

^xSrN HMJi: UcVD coffi *> yh§ < S . VD CDffij&vh 

$ t m trmntitf^ < % & <nx\ ms&m&iffi 
s^mmmm 1 1 tfjEimift-t&m^v dco 



[0042] f- h^EVGtilfflfift-^APW^Xt 
J£S LT . 0 5 ( A ) tc^-T X o fcHg&RteStftr*. . 
[0043] ^KigeJBfciiUf , MUKEK 1 1 fcM 

vwffi&mzx mmmmn 1 1 r^maavai 
* £ t §o § t, teitffiniss 1 1 iznmtx v 

tf)S£i:^r<£ixi:Tfi : LTMMfiIllSSl lW^TX 

[0 044] $r*S, ^M7XtSl B^JRmS-frSiOH 

*7Vt)*?V ?X*W%Mz.. iaitt>«JtlSS2 0O^RIS 

«fln*MVD£ftttT*i'3fcl/C«>J:^. 

y-h«EVGttH5 (B) tSrT J: 3 tSMW- 
4. i^. El2<7)^'7y^2 3S.Vr>-F^-h 2 8^ 

-f *— ^AHi-^ENOflr^tjSfr 1/288R 

77t"y-b«J±VG^ia5 (O fcsrt*n<35fl;3^ 

MmwsnsfliE v d t s*«ev s t n&m&twm. 

[0045] ll6S.U : 'll7(i^tL^'tl.. 121 4 ) fOI--7° l J 
Xr0»l 1 RStMI ■ 1 70«lS«*^. 

?CLKt, H6RVH7«IUJ»fc:fla&$*i5li!flHi# 

03 4 3 «Ncoft^'4T*-g.*i-^Sr7nLTV->S . 
[0 04 6] ZCOl/TVJlWl IRii, X-f-y^-h^f 

ffg-1 ltittU^I., H6 4i(7)X>f 0 
1 0 43«*tJS-rSt(Dt|aIt^2rWLTV^„ 06O 

mssT-ii. 01 o4n-%-vvx-r -y^-*^t lt. p 1 4 

[0 04 7] >y^»-?P 1 4ti. U-TU^HIB&l 1 
R« U -fe -y h B#t^S:*l|Blff 1 3 C0RKA7JS t ^^Rffi 

mix. mmmmsai 3commxiatiimm&. man: 

1. 4VtLT^7-fe7 h^OVCf^JtftCOtOT'ib 

50 X-(7fIfP2 3tl ieo'J-feyMefcaWPIWi 

51 3«til7Jir^ J r^"^^C2 2 2*»6flJ9)t 
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LX , ^-Y^ y* C 2 1 »y'C 2 2 Sr?lffitlig§§ 1 3 t 

[0 048] X^f 7fffP 11-P14I1 
CLK^4^Mlt5tll84 1 ^^a-yi?'«> 1 \Z^^V/ 

^■yf^yt^S. X^.yfffP2 1-P23ll 
?D7^41i:I»?n-y?*2tJ; ^)^y/^7U 

^^fc**. ^f^^C 1 lM'C 1 2(*£^fcH 

«. ^-r^S^C 2 lStfc 2 2<4S^fcH— 

[ o o 4 9 ] ktu #ei»i i Rtii mmx-Mt^t 

LXmzAXV i p = 1 . 6 V. V i m= 1 . 2V« 

[0050] m6cr>m^comi¥it. iml-^mi 
[oosi] 07<ois*-»#i3*iu 7(4, me<^>uy 

H3 0 , &I4W8H3S&3 1 . X-f 7fffP 15. ^ft 
ys°y y* C L 1 MC L 2 s C 3 1 MC 3 2 , ffttfflit 
0R3 2(i*n«lEI6Wat3P»(l»l 3 . X-f -yi-m 
fPl 1, P21. ^-v^i/fC 1 IMC 12. C2 

1MC2 2. X4* «y?*F-P2 2tC*ti6LT^4. 

[ 0 0 5 2 ] X-Y .yftfP 2 AMP 2 B 5fMt/ 

mcommn^m^-t^^ubcohcox-hKi . x-f -y^* 

^P2 3 2r^>\ X^7fIfP15S^P165r^7 

i= 1 £zmisx\ mjrm&v o P sw o m-c*ti?ti* 

^A°y L 1 Sl^C L 2 ^ SlUiW ^ A'yj? C L 
2&tfCLlHlU, KtZZtlbtontttWi' 
^C3 1St/C32t:ftt. ^<^C3 1AtfC 

[00 53] ^f-WsV^CL lSVCL2«§Ifill 

H6 <?5iitB«aj*JB*»fe»fcmffi>f y t-^vx^ia i 

*«IS^ y b-^>x Z L Cc(5«l§ L < 3r& «fc 3 t=S 

[00 54] Jft^y^CL IMC L 2C9fl3i?i4. ffi 
tt«J«tHIK3 2M'3 3^iEX{i:ffic7)Se«®rX-< >y 
f*?P2 3£5f:7fcl,X>r .yfffP 1 5M'P 1 6 
Z*>{z-t&^bi l zk 0. mMtAy^C3 1S 

[00 5 5] ffitt*lM0i& 3 2 St/ 3 3 (4*7 -b -y h« 
ffiKSHTCifc "3 . W&fflm& 3 2M3 3 *IES8i&R 

=3f ■WN-jyy'C 3 1 SVC 3 2 {C^L^Wffc^f -W^y'C 
3 lMC3 2fc&US§*U>:t7-fe>y MEEOittt, 
ffittWaiUfi^ 3 2 XV 3 3 £ a&WHflllte LT* > ^ 
fCL lM'CL2^«?!?£^teft.^-W^:7C 3 1 
aVC3 2t£BPLfc^fc^^^^C3 iaVC3 2fc 



jDfl:sn§^7-fe>y hW±<7)m£btimiz%:-?X. *7 

[00 56 ] U-fev hX-f yfifRSWiaiJfRSW 
2(4. ^A"y?C3 lSU ; 'C3 2(73«^ : ^U-t'yh-r 
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